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Case 21420 



Microorganism and Process for Preparing Vitkmin B g 



The present invention relates to novel; recombinant microorganisms and a process for pre- 



paring vitamin B 6 using the same. 



"Vitamin as used in this invention' includes pyridoxol, pyridoxal, and pyridoxamine. 
5 Vitamin B 6 is a vitamin indispensable ;to human beings or other animals and used as a raw 
material of medicines or as feed additives. j j 

The biosynthetic pathway of vitamin $6 in JZseherichia colt and Sinorhizobium meliloti has 
been well elucidated. Pyridoxol 5'-phj>sphate (referred to as PN? hereinafter) is thought 
to be synthesized from two precursors, 1-deoxy-D-xylulose 5-ph6sphate (referred to as 
10 DXP hereinafter) and 4-(phosphohydl:oxyj-L-threonine (referred to as HTP hereinafter) 

by two enzymes, HTP dehydrogenase and PNP synthase encoded by pdxj gene. 

i } 

' • ' • ■ j \ \ 

In £ coli, HTP is thought to be synthe?ized:from D-erythrose 4-j>hosphate (E4P) by a 

three step reaction. The first step reaction, -oxidation of E4Pto E|-eiythronate 4-phosphate 

(referred to as ENP hereinafter), is catalyzed by E4P dehydrogenase encoded by epd, 

i ! S " I 

i ) I \ 

15 But, according to search of the genome database of 5. meliloti strain 1021, no homologue 
of epd of £ colt is detected. Furthermore, there has been no report about E4P 
dehydrogenase in 5. meliloti so far. It is, therefore, considered that S. meliloti has different 

; j \ I 

biosynthetic pathway of HTP from that of E coli. On the other hand, S. meliloti IFO 14782 

I $ I 
accumulates a large amount of protocatechuate (one of shikimic pcid derivatives), which 

20 might be synthesized from E4P. | [ \ 

j j 

The above findings suggest that stimulation of the conversion of E4P to ENP by . 
incorporation of epd in S* meliloti leads to a development of an additional biosynthetic 
pathway of vitamin B 6 and an increase! of vitamin B6 production in S. meliloti. But in fact, 
vitamin B 6 production of S. meliloti was not stimulated by incorporation of only epd gene. 
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On the other hand, when both epd anji pdxj genes were incorporated in S. meliloti, 
vitamin B 6 ' production was considerably improved. 

• s f • 

According to the present invention, itjis possible to improve the production efficiency of 
vitamin B 6 drastically by fermentation^ using a microorganism ofjthe genus Sinorhizobium 
having a recombinant plasmid comprising a vector containing e^d and pdxj. Vitamin B fi 
canadvantageously be produced in the culture broth by cultivating said microorganism, 
and can be recovered therefrom in a desired purity. ' 

• ' ' \ i 

The present invention provides a recombinant microorganism, elg., a member of the 
genus Sinorhizobium capable of producing jvitamin B 6 comprising a plasmid with pdxj and 

epd. [ I 

! j 

— : " ! \ 

The present invention also provides a procfess for producing vitamin B 6 which comprises 
cultivating said microorganism in a culture medium so that vitamin B« is produced and 
accumulated in the culture broth and IrolleCting the produced vitpnin B 6 . 



A pdxj of K coli is reported to be the'gene encoding PNP synthasfe catalyzing synthesis of 
PNP from DXP and aminoacetone 3-phos^hate. As used herein,! reference to a "pdxj" 
means the natural gene itself as well as any ^functional equivalent hereof A functional 
equivalent^ pdxj is, therefore, any gene, which encodes an enzyme, PNP synthase. A 
functional equivalent of pdxj can be isolated from any organism, such as, but not limited 
to, Klebsiella pneumoniae and Pseudonionte aeruginosa other bad aria, yeast, and plant. 
The pdxj used in the present invention is preferably derived from microorganisms of the 
genus Sinorhizobium but any gene functional equivalent thereof can be used in the present 
invention. . For example, a DNA of pdxj derived from 5, meliloti 
in the following manner. i ) 



;FO 14782 can be cloned 



• 4 $ 1 

The primers for polymerase chain reaction -(referred to as PGR hereinafter) are synthesized 

in accordance with the DNA sequence'of pdxj in a DNA database of 5. meliloti strain 1021, 

i t I ■ 

and which contain restriction enzyme jrecognition site at the 5' eijd pf each primer. The 

gene, pdxj, 1 can be amplified by PCR using the primers and chromosomal DNA of 5. meli- 

loti IFO 14782. Amplified pdxj is ligated into a vector replicable in £ coli such as available 

pUC series'or pBR series. A plasmid, ^herein pdxj is inserted, can be selected by agarose 

gel analysis of the plasmid digested with enilonuclease, and the sequence of amplified 

region can be ascertained with a DNA Sequencer. 

I } ! 

S { I 

An epd referred to herein means the g<be encoding E4P dehydrogenase catalyzing oxida- 



tion of E4P, to ENP and a functional equiva 



ent thereof of the JBL coli epd is, therefore, any 

i 
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gene, which encodes an active E4P dehydrogenase. A functionaltequivalent of the JS. coli 

i 1 i f 

epd can be isolated from any organism, such as ,but not limited to, Vibrio choleras Pseudo- 

\ i \ ■ 

monas aeruginosa, other bacteria, yeast, and plant. For example, epd, which derived from 

R coli K12, can be cloned by using PGR in k similar way as mentioned above. 

• <■ ! ! . ] 

5 As vector for incorporation of recombinant DNA in 5. meliloti, two types of vectors can be 
used. One is a replicable, broad-host jrang| vector, such as pVKljoO, pRK290, pLAFRl or 
RSF1010. The other is an integration Rector, such as pSUP202. \ 

A vector for expressing recombinant jirotein in S. meliloti can be^provided by inserting a 
DNA fragment encoding a promoter functioning in S. meliloti, such as ptac, plac, ptrc, pSl 
10 (promoter! of small ribosomal subunit of S: meliloti), or pNm (promoter of neomycin 

• ! I i 

resistant gene) and either pdxj or epd : or bpth of them into a vector. 

ji \ 

The procedure for constructing such recombinant vectors can be performed according to 
standard techniques known in the fields ofimolecular biology, bioengineering> and genetic 
engineering. j 1 | 

15 For example, pdxj may be placed in p^KldO under the control ofc ptrc promoter to con- 
struct pVK60I. In the other embodiment, fcpd is placed in pVKlpO under the control of 
ptac promoter to construct pVK602 and both pdxj and epd are pjaced in pVKlOO under 
the control of ptrc promoter and ptac promoter, respectively, to construct pVKoll. 

if.' i 

As a parent strain for preparing the recombinant microorganisms constructed in the pre- 

20 sent invention, any strains belonging to the genus Sinorhizobhmt jean be used, and the 

microorganisms belonging to the genus Sinorhizobium may be isolated from natural 

• t • \ 
sources, or maybe purchased from cujturejcoUections, such as Institute for fermentation, 

Osaka (IFO), Japan. Preferably, S. meliloti IFO 14782, which is deposited at the Deutsche 

Sammlung von Mikroorganismen uncj Zelljailturen GmbH (DSl#) in Gottingen, Germany 

25 under DSM 10226, deposited on Septimbe^ 4, 1995, can be used \ox the present invention. 



30 



Microorganisms showing drastically increased productivity of vitamin B$ can be con- 
structed by introducing a recombinant vector being incorporated with pdxj and epd. For 
example, such a recombinant microorganism indicating drastically increased productivity 
of vitamin B 6 , which are derived from 5. meliloti IFO 14782 is constructed as described 
below. A recombinant vector constructed ^y incorporating either pdxj, epd, or both of 
them can be introduced into S. meliloti IFCjl4782 by tri-parental Wting in the following 
manner. S.-melibti as a recipient strain, E coli harboring a helperlplasmid as a helper 
strain, and £ coli harboring a recombinanfcvector as a donor strain are cultivated sepa- 

' i "i 
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rately and mixed together. After mix cultivation on plate, 5, meliloti receiving the re- 
combinant vector from a donor strain can be selected on agar plate containing appropriate 
antibiotics. \ j 

■■ • • i • 

The recombinant strain carrying the plasmid is selected by the preparation of the plasmid 

s from the cblonies grown on the plates* and [examination by endonuclease digestion. The 

' * * 1 

recombinant strain, which recombinant D^TA is integrated in chromosome, is selected by 

* * ? I 

the preparation of chromosome DNAjfroni the colonies grown on the plates and detection 

1 • I 3 i 

the integrated'DNA by Southern hybridization. j 

The expression of the pdxj and epd incorporated into the plasmijd in 5, meliloti can be ana- 
10 Iyzed by cultuxing the resultant recombinant strain in a medium/ and preparing cell-free 

extract and subjected SDS-polyacryiamide gel electrophoresis (SDS-PAGE). 

: , It i 

j I \ - 

The recombinant microorganisms obtained in the present invention are incubated in a 
medium containing an assimilable carbon iource, a digestible nitrogen source, an in- 
organic salt, and other nutrients necessary for their growth. As ajcarbon source, e.g., 
15 glucose, fructose, lactose, maltose, galactose, sucrose, starch, dextrin, or glycerol may be 
employed. As a nitrogen source, e.g., peptone, corn steep liquor j soybean powder, yeast 
extract, meat extract, ammonium chlqride,sammonium sulfate, ammonium nitrate, urea, 
. or their mixture thereof may be empldyed. \ 



s, hydro! 



Further, fdr trace elements, sulfates, hydrochlorides, or phosphates of calcium, magnesi- . 
20 urn, zinc, ihanganese, cobalt, and ironjmay;be employed. And, if necessary, conventional 
nutrient factors, a trapping agent of phosphate ion, or an antifoahnng agent, such as 
magnesium carbonate, aluminum oxide, allophane, animal oil, vegetable oil, or mineral oil 
can also be added supplementary in a fermentation medium. 

; . ! 

The pH of the culture medium maybe about 5.0 to 9.0, preferably 6.5 to 7.5. The cultiva- 
25 tion temperature may be about 10 P C to 40 :°C, preferably 25 °C to 35 °C. The cultivation 

J r r £ 

time maybe about 1 day to 15 days, preferably 2 days to 9 days. In the cultivation, aera- 
tion and agitation usually give favorable reiults. j 

} 1 

After the cultivation, vitamin B$ produced may be separated from the culture broth and 

purified. ?or this purpose a process generally used for extractingia certain product from 

30 the culture broth may be applied by utUisdWg various properties of vitamin B 6 . Thus, for 

example, the cells are removed from ttie cuiture broth, the desired substance in the filtrate 

'■ \ -I 
is absorbed on active carbon, then eluded and purified further with an ion exchange resin. 

Alternatively, the culture filtrate is applied direcdy to an ion exchange resin and, after the 

S \ \ 
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clution, the desired product is recrystallizejl from mixture of alcohol and water. .The 
amount of vitamin B 6 produced in cujturejbroth can be quantified by high pressure liquid 
chromatography (HPLC). j \ \ 

. ;• | | j • • 

The present invention will be explained mdre in detail by referring to the following 
5 Examples.! j 

: ! f 

E. coli K12 was used as a source of chromosome DNA for the epd gene cloning experiment. 
S. meliloti IF014782 was used as a source o;f chromosome DNA for pdxj gene cloning ex- 
periment and as a host strain for evaluating vitamin B« fermentation by recombinants. 
Strains of E. coli were cultured in a medium (referred to as LB hereinafter) consisting of 1 

i i j « 

10 % Bacto Tryptone (Becton Dickinson;Microbiology systems, MD, USA), 0.5 % Bacto 

i j i | 

Yeast extract (Becton Dickinson Microbiology systems, MD, USA) and 0.5 % NaCl. 
Bacto-agar (1.5%) was added to the LB medium for preparing agar plates. 
Plasmid DNA was isolated from R coli or & meliloti with QIAGE^J Midi ldt (QIAGEN 
GmbH, Germany) or with Automatic |dn4 Isolation System PI-|o (Kurabo Industry Ltd., 

15 Japan). Chromosomal DNA was isolated ifsing QIAGEN genomic-tips. 

i j ; j 

Restriction enzymes, alkaline phosphatase, jligation ldt, E. coli JM109, HB101 competent , 
cells (Talcara Bio. Inc, Shiga, Japan), XOPO! TA cloning kit (Inviljrogen Japan K.K., Japan) 
were used according to the producer's! instructions. j 
Plasmid pKK223-3, pTrc99A, and SureClone ligation kit were purchased from Amersham 
20 Biosciences Corp. (NJ, USA). For restriction enzyme analysis, the DNA fragments were 

. | i • | , ' 

fractionated in agarose gels (1.0 %) arid isolated from the gels by peans of extraction using 
a commercially available system with d^lAEXII (QIAGEN GrobHl Germany). DNA 
sequence Was determined with an ALF«DN^ sequencer (Amersham Biosciences Corp., NJ, 
USA). 1 ; j | .1 



25 Example 1 : Clpning of pdxj of S. trieliloii and epd of E. coli \ 

: : . i r ■ ! 

(a) pdxj from 5. meliloti IFO 14782 chromosome 1 

— * t \ 

To amplify pdxj of S* meliloti IFO 14782 using PGR method, twojprimers were synthesized 
according to the DNA sequence of pdxj (2249854-2250606, complement) in the genome • 
database of S. meliloti strain 1021 (Accession No. NCJ)03047): ppmer A (SEQ ID NO:l) 
30 and primer B (SEQ ID NO:2). j J I 

Chromosomal DNA was extracted from the cells grown in a medium (referred to as LBMC 
hereinafter) composed of 1 % Bacto Tryptdne (Becton Dickinson; Microbiology systems, 
MD, USA), 0.5 % Bacto Yeast extract (Becton Dickinson Microbiology systems, MD, 
. USA), 0;5 % Nad, 0.061 % MgS0 4 -7H 2 0, and 0.036 % CaCb»2t&0 with QIAGEN 

; M I 
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genomic-tips. PCR was performed using a;dvantage-HF PCR kit,(Clontech Laboratories 

Inc. CAUSA). • ! ! j 

i ! \ ' j 

100 [d of reaction mixture contained JO ng of chromosomal DNjv of S. melilotilBO 14782, 
50 pmol of the two primers, 10 ul of 10 x HF dNTP mix, 10 ul of appended 10 x HF PCR 
reaction buffer, and 2 uj of 50 x advaritagefHF polymerase mix. jThe reaction condition 
was as follows; holding at 94°C for 3 min, 4 cydes of 30 sec at 98?C, 1 min at 53*C, 1 min at 
72°Q 20 cycles of 30 sec at 98°C, 1 miji 68°^. and holding at 72°G for 10 min. 10 ul of 
reaction mixture was subjected to agajrose gel on 1 % (w/v) and i DNA band of 770 bp was 
recovered from the gel with QIAEXII.! j 



The fragment was ligated to pUC18, which! was digested with Smll and dephosphorylated 
with alkaline phosphatase, by using SiireC&ne ligation kit. Thui obtained ligation mixture 
was transformed into Rcoli JM109 coinpelent cells and plated on plates of LB medium 
containing 100 ug/ml of ampiciUin (referred to as Amp hereinafter). Plasmids of colonies 
grown on the plates were prepared with a DNA automatic isolation system. 
By analysis! of the plasmid with restriction enzyme, a recombinant plasmid pSHT56, 
wherein pdxj was the same direction as lacZ gene on pUCl8, was] obtained. pSHT56 was 
prepared from R coli JM109 harboring pSHT56 with QIAGEN plasmid Midi kit The 
DNA sequence of pdxj in the plasmidjwas ascertained with an A&F DNA sequencer and it 
confirmed to be identical with that of a genWe database of S, meliloti strain 1021. 
The function of pdxj gene cloned from S. ^eUloH IFO 14782 wasjconfirmed by the 
following method. As a vector for expression of pdxj in E coli, pUC 18 was remodeled 
into P UC-trc2, which has trc promoter region of pTrc99A followed by Ndel recognition 
sequence. P UC-trc2 was prepared frojn R fco/i JM109 harboring P UC-trc2 with QIAGEN 
plasmid Midi kit. To give an expression pljsmid for pdxj in R «fe P UC-trc2 was digested 
with Ndel,: and a 2.5-kb fragment was Wered from agarose gel and dephosphorylated 
with alkaline phosphatase. j J j 

PSHT56 was cleaved with Ndel, subjected |> agarose gel and resulting 1-kb fragment was 
recovered from the gel with QIAEXII. ^recovered 1-kb fragment was ligated to 
prescribed-2.5 7 kb fragment of pUC-trc2 wifh ligation kit: E. coli JM109 was transformed 
with thus-ibtained ligation mixture and plited on LB plates combining 100 ug/ml of Amp. 
Plasmid of ( a colony grown on the platl* was* prepared with an automatic DNA isolation 
system. ! I 1 



By analysis of the plasmid with restriction enzymes, a recombinant plasmid pSHT57, 
wherein pdxj was incorporated into thje saiie direction as trc promoter, was obtained (Fig. 
1). pSHT5,7 was prepared from R coimm harboring pSHT57|with QIAGEN plasmid 
midikit. ! ' LI * 
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(b) epd from E. coliK- 12 chromosome j j 
The epd gene Was amplified from lOOjng ojf chromosomal DNA pf E. coli K-12 with advan- 
tage-HF PtR kit using 10-pmol of twb prijners, Le. Primer C ( SEQ ID NO:3) and Primer 
D(SEQIDNO:4). j I j 

5 Reaction condition was as follows; after holding 15 sec at 94°C, 25 cycles of 15 sec at 94°C, 
3 min at 68°C The amplified LO-kb fragment was directly cloned in pCRD-TOPO vector 
with TOPb TA cloning kit Sequencej of amplified region was ascertained to be identical 
with the CDS region of epd (3070692-j3071711> complement) in accession number 
NC_000913 and obtained plasmid was named pCRepd. 

i I \ ' 

10 Example 2: Construction of recombinant plasmids 

I \ I 
(a)pVK601 j \ | 

To construct an expression vector in L metiloti IFO 14782, pVKljoO was used, which is re- 
ported to te a broad host range vector, IncP-1 type, and replicabje in S. metiloti. pVKlOO 

was prepared from £. coli HBlOl/pVKlOO with QIAGEN plasmid midi kit, and digested 

'* ' ■ I \ * 

15 with Hindm, blunt-ended by blunting kit and dephosphorylated with alkaline phosphat- 

ase* pSHT57 was digested with BamHl and KpnL \ • 

Resulting 875-bp fragment, which contained trc promoter and pdxj, was recovered from 

Is i 

agarose gel, blunt-ended, and ligated to prescribed pVKlOO with ligation kit £♦ coli HB101 

1 i i * 

competent* cells were transformed with the-obtained ligation mixture and plated on LB 



30 



20 plates containing 10 Hg/ml of tetracycline (referred to as Tc hereinafter). Plasmids of 
colonies grown on the plates were prepare! with an automatic oilA isolation system. 
By analysis of the plasmid with restriction jnzyme, a recombinant plasmid, pVK601, 
wherein trc promoter and pdxj were tjie opposite direction against kanamycin (referred to 
as Km hereinafter) resistant gene, was jobtained (Fig. 1). \ 

25 (b)pVK602 ; ! 1 . I • 

To amplify epd in S. metiloti, tac promoter driven epd cassette was constructed. LO-lcb 
PstI fragment from pCRepd [Example! l-(b;)] was blunted and lighted into Smal site of 
pKK223-3 in an orientation that allowed transcription of epd frojm tac promoter and 
resulting plasmid was named pKKepd|(Fig^2). Then mobflizable cosmid pVKlOO was 
digested with Bglll, then about 21.3-kl? fragment were recovered,? 
After the fragment was treated with bacterid alkaline phosphatase, L3-lcb BamHI frag- 
ments from pKKepd were ligated into the ^jglll digested and dephosphorylated fragment 
to give a plasmid pVK602 (Fig, 3). j \ \ 

i ' I ! I 

(c)pVK611 : I 
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In order to co-express both epd of R coli and pdxj of 5. meliloti m 5. melitoti, pVK611 was 

! 5 j 

constructed in a similar manner in described in Example 2-(b). pVK60l was digested with 

• ^ I n 

BgUI and about 22,2-kb fragments were recovered. After the fragments were treated with 

1 It < 

bacterial alkaline phosphatase, L3-kbjBamJII fragments from pKKepd was ligated into the 

t I i 

5 Bglll digested and dephosphorylated fragment to give plasmid pVK611 (Fig. 4). 

• ■ I I S 

Example 3 ( : ; Introduction of recombinant plasmids into S. meliloti IF014782 

' ' I j 1 

The plasmids were transferred from Ej a>/ijHB101 to S. meliloti IlrO 14782 with the help of 

E. colt HBiOl carrying pRK2013 (Km* IneP, tra + , ColEI ori (ATCC37159) by using tri- 

parental conjugal mating method as d;escribed below. S. meliloti IF014782 as a recipient 

10 strain was inoculated in liquid LBMC jmedium and incubated with shaking at 30?C at 140 
rpm for 16 hours. 1 ! . 

R colt HB|01 harboring pRK2013 as a helper strain and R coli HB101 harboring pVK601 
as a donor strain were inoculated in IijjuidiLB medium containing 50 jig/ml of Km and 
liquid LB medium containing 10 ug/ml of tc, respectively, and incubated with shaking at 

15 37°C at 140 rpm for 16 hours, Each strain jvas transferred to thejsame medium and 
cultivated another 6 hours. Then cells! were harvested by centrifugation and suspended 
into LB medium (final OD 600 =20) and mixed recipient cells, helper cells, and donor cells in 
1:1:4 ratio !(v/v/v). j j j 

The mixture was put on a nitrocellulose filter placed on LBMC agar plates. After these 

20 plates were incubated for 20 hours at 30 °G, cells on the filter we*e scratched and sus- 

1 I 1 * 

pended in sterilized 0*85 % NaCl solution, IThe suspension was diluted appropriately and 

; ; I 

spread on LBMC plates containing 20;|lg/ml of nalidixic acid (tojselect for 5. meliloti 

\ i j 

IF014782) and 10 ng/ml Tc (to select 'for pVK601). After incubation of these plates at 
30°C for 5 days, colonies grown on the plates were picked up and cultured for plasmid 

25 extraction by QIAGEN plasmid mini ijit Obtained plasmid DNA was checked by treat- 
ment of restriction enzymes, subjected to agarose gel electrophoresis and showed an 
identical pattern to that of pVK601. The resulting colonies were purified by streaking on 
the same selection plate and used as rejcom&inant strain S. meliloti IFO 14782/pVK601. . 
In a similar manner of construction of S. rieltloti IFO 14782/pVK601 as mentioned above, 

30 5. meliloti iFO 14782/pVK602 and S. melim IFO 14782/pVK61 1 jwere obtained by using 
R coli HB101 carrying pVK602 and E\coli HB101 carrying pVK611 a« donor strains. 
To confirm that expression of pdxj anjl epd in recombinant strains, SDS-PAGE was per- 
formed. The cells were grown in LBMC medium with 10 Jig/ml of Tc at 30°C for 18 hours. 
Then the grown cells were harvested by centrifugation, washed wjth saline and resus- 
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pended in]the ice-cold 20 mM phosphate Buffer ( P H 8.2). The |ell suspension was sub- 
jected to a sonicator (Bioruptor, Cosiho Bio Co. Japan) and the resultant lysate was ceritri- 
faged at 15,000 rpm for 10 min at 4°C to remove cell debris. J 
The supernatant was used as cell-free extract, and then subjectedjto SDS-PAGE in 12.5 % 
5 gel and stained by Comassie Brilliant frue feapid Stain CBB Kitjnacalai tesque Japan). 
Expression of expected size of polypeptidej(PdxJ 29.0 kDa, Epd 2(7.2 kDa) was detected in 
5. meliloti IFO 14782 having recombinant plasmids. j 

i .1 

Example 4: Production of vitamin B« by fermentation of S. meliloti IF014782 having 
i recombinant plasmid j j * 

i ij ! • 

10 S. meliloti IFO 14782 having a recombjnan* plasmid and the parent strain, S. meliloti 
IFO 14782; were incubated on a LBMCp aga* plate at 30°C for 48 liours, and a ioopfol of 
each strairi was inoculated to tubes containing 8 ml of a seed medium composed of 1 % 



glucose, 1 % corn steep liquor (NihonjSyoiuhin Kako Co., Ltd., Tokyo, Japan), 0.2 % 
Bacto yeast extract, 0.1 % PolypeptonJS (Njhon Pharmaceuticals-Co. Japan), 0.05 % 
15 MgSCv7H 2 0, 0.001 % MnSCy 5H 2 0,!and b.001 % FeSCy7H 2 CvpH 6.8, and then the 
tubes were shaken on a reciprocal shaker (275 rpm) at 30°C. | 

After shaking for 19 hours, each 3 ml if culture broth was transferred to 500-ml flasks with 
two baffles' containing 150 ml of a production medium composed of 6 % glucose, 3 % com 
steep liquor, 0.8 % Bacto yeast extract] 0.175 % NH 4 C1, 0.05 % JvjgS0 4 «7H 2 0, 0.025 % 

20 MnS04-5H 2 0, 1 % Allophosite (Shinagawa- Chemicals Co., Ltd., Tokyo, Japan) and 0.025 
% Actdcbl (Takeda Chemical Industries, Ltd., Osaka, Japan), pH<6.8, and shaken on a 
rotary shaker (180 rpm) at 30 °C. After shaking for 2 days, sterile solution of urea was 
added to the each flask at 0.125 %, and the -shaking were farther continued for 5 days. 
After cultivation for 7 days, contents cjf vitamin B 6 in the supernatant of each culture broth 

25 were quantified by HPLC and produced vitamin B6 was calculate^ by the internal standard 
method with ^-deoxypyridoxol as des'pribell below. To prepare &e samples for HPLC, 
400 Ml of 500 mg/1 of 4'-deoxypyridoxol as Internal substance, 50|m1 of 60 % perchloric 
acid, and 550 ul of deionized water was added to 250 ul of the standard solutions of 
pyridoxol or the supernatant from thelculture broth, and then the mixture was put on the 

30 ice for 10 min. Then the mixture was tentrifaged at 15,000 rpm and the supernatant was , 
put on the 'following column. j 

The analytical conditions were as follows: column, Capcell pak C18 SG120 (4.6 x 250 mm) 
(Shiseido Co., Ltd., Tokyo, Japan); mobile phase, 0.1 M sodium perchlorate, 0.1 M potas- 

1 i i ' 
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sium phosphate, and 2 % acetonitrile |[pH 3.5)j column temperature, 30 °C; flow rate, 1.0 

ml/min; and detector, ultraviolet (at 292 nm). The results are shown in Table 1. . 

• ? i ■ • | 

S. mehlott IFO14782/pVK601, the strain having the pdxj expression plasmid, showed 

double higher titer than that of the pajrent |train IF014782, and S. meliloH 
IFO14782/pVK602, the strain having {he epd expression plasmidl showed less titer than 
that of the'parent strain. On the other hand, S. meliloH IF01478|/pVK61 1, the recom- 
binant strain which incorporated both epdjand pdxj genes, produced 1,300 mg of 
pyridoxol per liter, and it was about 13 times higher titer than that of the parent strain. 
The productivity of vitamin B 6 was drastically improved by incorporating both epd and 
pdxjgenes. ; j \ j 



Table 1: Ply productivity of recombinant s\ melibti 



Strain , • 




< 

PN productivity (mg/L) 


S. melilotilFOimi j " 
S. me/fort IFO14782/pVK601 j 
S. ro*W^IFO14782/pVK602 j 
S.meWoriilF014782/pVK611 | 




103 

192 ; 
84 

1,300 i 

j 


— 
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Example 5: Isolation and purificatibn o| vitamin B 6 from culture broth 

• ' " ! ! « 

Vitamin E 6 was recovered from the culturebroth of S. meliloti IF014782/pVK611 
prepared in the same cultural conditions asjdescribed in Example! 4. The vitamin B« at 



20 



I f |j ' —r m ^i — v — - 

each purification step and the concentration were followed by HP, LC. One liter of the 168 
hour-culture broth containing 1300 mg/L o s f vitamin B 6 was centrifiiged at 7,500 rpm for 
10 min. The pH of the resultant supernatant was adjusted to 3.1 with IN hydrochloric 
acid, and then the supernatant was applied 'to a column (5.5 X 15 jcm) packed with 350 ml 
of Amberlite CG 120 (IT form, 100-2(1)0 mlsh, Rohm and Haas Company, Philadelphia, 
Pennsylvania, USA). The column was -washed with 500 ml of delinked water and then 
eluted with 5% ammonium hydroxidi Thje vitamin B 6 fractionsjwere concentrated under 
reduced pressure. The residue thus obtained was dissolved in 10 |nl of deionized water, 
and the solution was charged on a column (5.5 X 16 cm) packed iith 380 ml of Dowex 1 X 
25 4 (OH* form, 200-400 mesh, Dow CheWaj Co., Ltd., Midland, Michigan, USA), and then 
washed with 500 ml of deionized water. The column was then ehjted with 0. 1 NHC1. The 
fractions containing vitamin B 6 was concentrated to small volum j under reduced pressure. 
After the solid residue was dissolved mj smajl amount of hot ethaijol, the solution was kept 

standing at|4 *C overnight. The resultant precipitates were coBecled by filtration and dried 

: ' i S i 
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in vacuo to obtain 1,090 mg of crude crystals. It was recrystallized from ethanol to obtain 
839 mg of white crystals having a melting point of 160 °C The infrared absorption, ultra 
violet absorption, and NMR spectruni of the product coincided with those of authentic 
pyridoxol, ' j \ 
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Claims 
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1. A recombinant microorganism of the genus Sinorhizobium which is transformed with a 
vector containing pyridoxo! 5'-phosp late synthase gene and D-erythrose 4-phosphate 



dehydrogenase gene, and being capab 



eof 



producing vitamin B 6 l 



2. The microorganism according to claim 1, wherein the pyridoxol 5'^phosphate synthase 
gene is derived from Escherichia coli or Sinorhizobium meliloti, \ 

: • i i 

3. The microorganism according to claim i, wherein the pyridoxol 5'-phosphate synthase 
gene is derived from Escherichia coli K-12 oi| Sinorhizobium meliloti IFO 14782. 

| ;• j J .' | 

4. The microorganism according to cteim t, wherein the pyridoxpl 5- phosphate synthase 
gene is derived from Sinorhizobium meliloti If 0 14782. ! 

' i ' * 

5. The microorganism according to dkm i wherein the pyridoXOl 5'-phosphate synthase 
gene is derived from Escherichia coli idl. ■ \ 

• ) 

6. The microorganism according to claim lj, wherein the D-erythrose 4-phosphate 

dehydrogenase gene is derived from microorganism of Escherichia coli or Vibrio cholerae. 

7. The microorganism according to cl4im V, wherein the D-erythjose 4-phosphate 
dehydrogenase gene is derived from microorganism of Escherichia coli K12. 

J ' M | 

8. The microorganism according to claim liwhich is Sinorhizobium meliloti IFO 

14782/pVK611. 



9. A process for preparing vitamin Beby cultivating a recombinant microorganism of the 



20 genus Sinorhizobium which is transformed with a vector containing pyridoxol 5'-pho$- 
phate synthase gen^^-erythrose iphoiphate dehydrogenase gene, and being capable 
of producing vitammBV which comprises cultivating the recombinant microorganism 
under aerobic conditions at a pH value of about 5.0 to 9.0, at a temperature of 10°C to 
40 tt G, and for 1 day to 15 days in a mediumjcontaining an assimilable carbon source, a 
25 digestible nitrogen source, inorganic salts, Jnd other nutrients necessary for the growth of 
the microorganism, and then recovering vitjamin B fi formed and accumulated in the 



culture broth. 



i 

\ 



10. The process according to claim 9, ^here^n the pyridoxol S'-pliosphate synthase gene is 
derived from Escherichia coli or Sinorhizobium meliloti. 1 
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11. The process according to claim 9, Wherjein the pyridoxol 5 '-phosphate synthase gene is 
derived from Escherichia colt K12 or Sinoriiiobium melikti IFO 14782. 

■ I ■ i 

12, The process according to claim 9, wherein' the pyridoxol 5'-pfrosphate synthase gene is 
derived from Sinorhizobium meliloti IFO lll782. 



5 13. The process according to claim 9, Wherein the pyridoxol 5'-phosphate synthase gene is 
derived from Escherichia colt K12. j 

14. The process according to claim 9, wherein the D-erythrose 4-phosphate dehydrogenase 
gene is derived from microorganism of Escherichia coli or Vibrio\hokrae t 



15. The process according to claim 9, wherein the D-erythrose 4-phosphate.dehydrogenase 
10 gene is derived from microorganism of Escherichia coli K12. 

: j 

16. The process according to claim 9, wher&n the recombinant microorganism is 



Sinorhizobium meliloHlVO 14782/pVK611 
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